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Abstract 
Renewable energy is strongly focused on in Japan after the accident at nuclear plant. Especially, Northeast area of Japan has high potential of 
wind energy. It is expected that the related industries, such as manufacturing of equipment, maintenance, investment on wind farms, and retailing 
of electricity can boost local economy. However, the area has not many big industries which will be the potential users of such wind energy. 
Thus, a promising strategy is to use wind energy in local communities. Our previous study suggested wind turbines have not big avoidance, when 
the local community is having benefits from wind energy. By comparing the opinions of residents obtained through a questionnaire and those of 
workers in a facility using the wind energy, the paper discusses the key issues in installing so-called “civil wind turbines” to local communities. 
It concluded that the obtained knowledge can be helpful in promoting on-site generation and on-site consumption of wind energy 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Renewable energy can be one of the best solutions to 
establish sustainable society. Especially in Japan, making social 
consensus regarding energy sources including renewable 
energies is an urgent issue after the earthquake. Governmental 
report [1] says that Northeast region of Japan (so-called 
Tohoku-Chihou) has the promising potential of wind power, 
since seasonal wind occurs stronger than other regions in Japan. 
(Fig.1) However, there are many barriers exist in introducing 
wind turbines in big commercial scales. For example, since the 
region is not a high population density area, it is unsure whether 
there is enough demand of renewable energies in the areas. Plus, 
social infrastructures to transfer energy to metropolises have 
not been constructed, initial costs of wind turbines may not be 
covered within the area, local communities might be 
conservative against installing such devices, and so on. 
Processes to find these concerns and solve them have not been 
discussed enough. 
In order to know the barriers to introduce wind power 
systems to local communities, and clarify the conditions of 
acceptance, a questionnaire to people in a certain district of 
Akita city, has been carried out. However, since the respondents 
of the questionnaire were those who were working in a facility 
using electricity generated by the wind turbine in the facility, 
they might have positive impressions to the wind turbine. This 
study carries out another questionnaire to residents of the area. 
The paper analyses the result of the questionnaire and tries to 
clarify the barriers in installing wind power systems in local 
communities. The paper also considers a possible solution, by 
comparing the result with that of visitors. As the final goal of 
the study, the authors would like to make useful proposal which 
promotes development of wind power systems in local 
communities to boost local economy. 
2. Situations regarding installation of wind turbines 
2.1. Situations in Japan 
As it is shown in Fig.2 [2], number of wind turbines installed in 
Japan is rapidly growing. In 1989, the number was 9 and the 
generation capacity was only 1,215kW. On the other hand, the 
capacity has reached about 2,000 and 2,789 MW by 2014 [3]. 
By dividing the total capacity by number of turbines, it is also 
indicated that the capacity per wind turbines is increasing. 
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Fig.1 Potential of wind power in Japan [1]
 
2.2. Situations in the world 
Wind energy is rapidly increasing in Japan. However, 
comparing to the other countries in the world, development of 
wind energy is insufficient. In the world, of course, the number 
of installed wind turbines is growing more. As it is shown in 
Fig.3, China occupies the largest generation capacity and USA 
is the second largest. Total cumulative amount of wind power 
of the   world has reached more than 360GW. As for Japan, the 
percentage is 0.75%. Comparing to the total demand of 
electricity (5th largest in the world), installation of wind 
turbines in Japan is insufficient. In the aspect of studying 
people’s perceptions [4] and social acceptance [5], situation in 
Japan is insufficient. 
 
 
Fig.3 Installation of wind turbines in the world. [3] 
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Fig.2 Installation of wind power in Japan [2] 
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3. Problems in installing wind turbines 
Wind power is a promising energy source to utilize 
renewable energy and establish a sustainable society. It is also 
shown in a previous paper [6] that EROI (energy return on 
investment [7]) of wind power is relatively higher than other 
renewable energy sources such as photovoltaic energy. 
However, it is often reported that installations of wind power 
systems occur some problems in natural environment or 
residential circumstances. Especially, in countries that have 
high population densities such as Japan, these problems can be 
serious barriers to develop wind power system that can be 
accepted by residents. Such  
3.1. Destruction of landscape 
This is one of the simple but well-known problems in wind 
power installation. If the distance from the residential area to 
the wind turbine is close, there will be a mental pressure. In 
addition, sometimes the wind turbine itself damages the 
landscape. Recent wind turbines diameters are often larger than 
the length of a large airplane. Therefore, a wide pathway to 
bring in the turbine blade is necessary. This might cause a large 
scale forest felling. Especially in Japan, where wind turbines 
are often built in mountain ranges, this could be a problem. 
However, whether people feel uncomfortable to see wind 
turbines, depends on the case. 
3.2. Damage on ecosystem 
Installation and operation of wind turbines can damage the 
ecosystem. As it is mentioned in the former section, if a forest 
felling occurs, some natural species might damage habitats. 
Bird strikes are sometime reported. Although it varies due to 
bird species and weather conditions, it is said that peninsulas, 
capes, ridges, valleys and sea cliffs are the location where bird 
strikes can frequently occur. This fact also means that wind 
turbines are often located in these topographies. 
3.3. Noise 
This is one of the largest problems in wind turbines. Noises 
from wind turbines are from mechanical effects or 
hydrodynamic effects. The first one can be controlled by 
normal noise controlling technologies and is not a dominant 
factor in recent wind power systems. However, the second one 
is sometimes inevitable and could be a serious problem in 
residential area. If there is a sufficient distance from the wind 
turbines, disturbance of conversation, damage to listening 
capability, and disturbance on work will not happen. But, some 
people may still feel annoyance or disturbance on sleep. 
3.4. Low frequency vibration 
It was explained that noises from wind turbine have 
mechanical or hydrodynamic reasons. The first one sometimes 
has a wide frequency range from super low range to hearable 
frequency. And the super low frequency noise is said to be the 
reason of low frequency vibration. However, this kind of 
vibration exists in natural background and theoretically this 
level of noise cannot affect people’s health. But still many 
people around wind turbines claim that they feel low frequency 
vibration. Without any clear theoretical backgrounds and 
countermeasures, this problem can be serious in persuading 
residential people on installation of wind turbines [8]. 
3.5. Accident 
After some 20 years experiences of installations of 
commercial level wind turbines in Japan, falling of parts from 
wind turbines because of thunderbolts and inadequate 
maintenances happened rather frequently these years. Such 
accidents happened 6 times only in November and December 
of 2014. It exceeded the number of accidents in 2013. In March 
2013, it was found that the whole rotor blade which has 50m 
diameter fell on the ground. (Fig.4, [9]) The reasons of some of 
the accidents were design errors and inadequate maintenance 
processes. But sometimes, natural weather conditions such as 
thunderbolts and hurricanes cause the accident. These 
accidents can be a serious disaster if the wind turbines are 
located in residential areas, as so-called “community wind 
turbines.” Anyway, accidents should be prevented by precise 
technical countermeasures. 
 
 
Fig.4 Fallen rotor of a wind turbine [7] 
4. Methods of the questionnaire 
To know the people’s reactions to wind turbines including 
positive feeling to renewable energy, a questionnaire was 
carried out. In order to know the reactions to aforementioned 5 
major problems regarding installations of wind turbines 
quantitatively, a pair comparison method which is often used 
in AHP (Analytical Hierarchy Process [10]) was used in this 
paper. Respondents answer to ten questions that compare every 
combination of two factors, one by one. Fig. 5 shows the 
example of the question. If the respondent thinks factor A is 
much more important than factor B, he/she should mark “7” as 
it is shown below. Or, if he/she thinks factor B is somewhat 
important than factor A, “1/3” should be marked. 
 
A                                                                                              B 
 
Fig. 5 An example of the question bar 
9 7 5 3 1 1/3 1/5 1/7 1/9 
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These are the criterion to answer. 
A is absolutely important than B; 9 
A is much more important than B; 7 
A is more important than B; 5 
A is somewhat important than B; 3 
A and B are equally important; 1 
B is somewhat important than A; 1/3 
B is more important than A; 1/5 
B is much more important than B; 1/7 
B is absolutely important than A; 1/9 
 
After collecting the answer and applying statistical calculation 
to the results, it is possible to clarify the relative importance of 
the compared factors. This paper investigated the importance 
of the 5 problems; “disturbance to landscape,” “damage to 
ecosystem,” “noise,” “low frequency vibration” and 
“accidents.” To know the difference of acceptances against 
wind turbines, same questionnaire consisted of a set of 10 
questions were asked to 77 university students and to 30 
residents of Iwaki district, Akita-city, Akita-prefecture, Japan. 
Since there is an operating wind turbine (Fig.6) near the 
residential area of Iwaki district (Fig.7) and supplying 
electricity to the roadside facilities (restaurant, hot spa, library 
etc.), it is a very good location to investigate negative and 
positive feelings towards the wind power system. 
 
 
Fig.6 Wind turbine located in Iwaki district 
 
Fig.7 Map of the investigated area (Iwaki district [11]) 
5. Results of the investigation on people’s perception 
5.1 Students’ perceptions 
The purpose of carrying out same questionnaire to students 
and to residents of the area is to clarify how perceptions against 
wind turbines are different with residents and visitors. So, since 
among 77 students respondents, 7 answered that they live (or 
their parents live) near wind turbines, these 7 respondents were 
categorized to residents. Other 70 students are representatives 
of visitors. Fig.8 shows the results of the investigation to 
students. Vertical axis shows the relative importance of five 
problems. As the length of the bar shows, “accidents” is the 
most serious problem. “Destruction of ecosystem” is the 
second largest problem for students.  
 
 
Fig.8 Relative importance of 5 major problems calculated from students’ 
answers 
5.2 Residents’ perceptions 
To compare the acceptances against 5 major problems in 
installing wind power system, the same questionnaire was 
asked to residents in the aforementioned area. Since the area 
has not a high population density, the number of respondents 
was smaller than student respondents. We could collect 30 
answers from 12 households. 7 answers from students those 
who live near wind turbines were added to this category. The 
result shown in Fig.9 indicates the same result about the top 
concern. Relative importance of “accidents” was the highest. 
 
 
Fig.9 Relative importance of 5 major problems calculated from residents’ 
answers
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5.3 Discussion 
Important issues in considering acceptance of wind turbines 
are not only the relative importance of the problems, but also 
the differences in perceptions of visitors (students) and 
residents. Table 1 shows the comparison between average of 
visitors’ answers and that of residents. 
Table 1 Comparison on relative importance of 5 problems in visitors and 
residents answers 
Order of importance Visitors’ answer Residents answers 
1 Accidents Accidents 
2 Damage on ecosystem Noise 
3 Noise Low frequency 
vibration 
4 Low frequency 
vibration 
Damage to ecosystem 
5 Destruction of 
landscape 
Destruction of 
landscape 
 
Comparing both answers, it can be found that the problem with 
highest importance and lowest importance are the same. Since 
there are news articles spreading serious accidents in wind 
turbines, people are very anxious about accidents, visitors or 
residents whichever. In addition, not many people think the 
landscapes with wind turbines are uncomfortable. Landscapes 
like Fig.3 or Fig.6 are sometimes preferable. This fact can be a 
driving force to install wind power system to local communities. 
If other problems can be solved by technical countermeasures, 
installation of the wind turbines can be acceptable for residents 
also. 
On the other hand, the largest differences in both answers are 
the order of the second through fourth. In visitors’ answer, 
“damage on ecosystem” is a rather large concern. Since 
environmental education is common in Japanese junior high 
schools and senior high schools, university students may think 
damage to wild nature as a big concern. However, residents 
don’t think this problem is really important. For residents, 
“noise” or “low frequency vibration” which might affect daily 
lives are much more important than ideal problems such as 
“damage to ecosystem.” These results suggest that strategy in 
installing wind power system in residential areas should be 
different from the strategy in developing so-called “mega” 
wing power in remote mountains, deserts, or off shores. But, 
soon or later, Japanese wind power system will meet a 
difficulty to transmit electricity from the area having large wind 
power potentials, to big cities having high demand of electricity. 
Mismatch of potential of wind power and demand of electricity 
shown in Fig.1 can be a problem in future. As one of the 
countermeasures, wind power systems in local communities 
are also necessary and promising way to go. 
In addition, the paper also referred to a previous questionnaire 
[8] which was carried out by one of the co-authors at 
Rokkasho-mura, Aomori prefecture. Since Aomori is known 
for an area with high wind power potential and low population 
density. In the aspect of wind power installation, the area is a 
little ahead of Akita prefecture. Thus, the results can be a hint 
in improving the situations in Akita.  
6. Countermeasure to negative perception 
6.1 Effect of investment 
Aforementioned result shows that perception to wind 
turbines of residents and visitors are rather different. To reduce 
negative reaction of residents and promote introduction of wind 
turbines to local communities, different strategy will be 
necessary.  Our previous survey [8] was carried out in Aomori 
prefecture where is also known as an area having high potential 
of wind power. In Japan, Aomori prefecture has the largest 
wind power capacity except Hokkaido. Plus, Rokkasho-mura 
is the center of strategic energy policy including bio-mass, 
wind power, smart-grid and so on. It might be useful to 
compare the results in the two area. In the survey, residents’ 
perceptions were investigated by asking positive/negative 
feelings to “Deforestation,” “Disturbance of landscape,” 
“Noise,” “Bird strike” and “Low frequency vibration.” The 
respondents answered by choosing one from 1: very positive, 
2; positive in some extent, 3: neutral, 4: negative in some extent 
and 5: very negative. As the result, “Low frequency vibration” 
was the most concerned problem in the survey (Fig.10). Since 
the listed problems were different in two questionnaires, the 
result cannot be compared directly. But, the both results 
showed that “low frequency vibration” is a serious problem. 
Contrarily, “destruction of landscape” had the lowest score in 
both area. It means that even for residents, landscape with wind 
turbines are acceptable scenes. The same questions were asked 
by assuming investment on the wind turbine. Although the 
result cannot be directly compared, it suggests that investment 
can affect the perceptions (Fig.10). About the most concerned 
problem, “Low frequency vibration,” investment can 
somewhat reduce the negative perceptions.  
 
Fig.10 Perception to wind turbines in Aomori-prefecture [8] 
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6.2 To promote local economy 
As of March 2014, capacity of wind power in Akita prefecture 
has reached about 153MW [2]. Among the capacity, total 
capacity of in-house use and community wind turbines is only 
about 11.5 MW. Although it has been discussed for years in 
Japan [12]. As shown in Fig.11, the percentage is only about 
7.5%. In addition, most of the wind power systems in the area 
is operated by outside companies and generated electricity is 
transmitted to outside of the area. Such projects are not really 
profitable to the people in the area and not so helpful in 
promoting local economy. As it was suggested in the previous 
section, investment on wind power system can reduce negative 
perceptions of residents. Plus, wind power systems can be 
profitable to the local economy, since wind power has rather 
high EROI (energy return on investment [4]) compared to other 
energy sources. Such business model to promote financial 
support from citizens is an important issue and examined 
already [13]. Positive use of wind power in Tohoku-district can 
reduce the mismatch between high wind power potential in the 
area and high demand for renewable energy in population 
density area. Therefore, such wind power system owned by 
citizens can be a good solution to solve negative perceptions of 
residents and promote local economy at the same time. 
 
Fig.11 Ratio of community wind power systems 
7. Conclusions 
As shown in the paper, there is a big potential of wind power 
in Northeast district in Japan. Since enhancement of renewable 
energy use is one of a few agreeable solutions in Japanese 
energy system, development of wind power system in Tohoku-
district is a promising way to boost local economy and enhance 
sustainability. However, installing wind turbines to residential 
areas can have refusal reactions sometimes. Since there are 
some serious problems in wind power systems have been 
reported, there will be some mental barriers against wind 
turbines. Thus, the paper listed five major problems in 
installing wind power systems and tried to clarify people’s 
perception to the problems. A questionnaire based on the pair 
comparison method was carried out to university students 
representing visitors, and residents of a certain area in Akita-
city where a pilot plant of wind power system has been 
constructed. Both answers showed “accidents” is the largest 
concern among five major problems regarding wind turbines. 
But, the second largest problem closed up the different feelings 
of visitors and residents. Although visitors thought “damage to 
ecosystem” is a rather important factor, residents considered 
problems that can affect daily life such as “noise” or “low 
frequency vibration” are the important factors. According to 
the results, the paper concluded that different strategy will be 
necessary when we install wind power systems in residential 
areas. Although such wind power systems are significant to 
boost local economies and profitable to the people in the areas, 
precise strategies to be accepted are necessary. 
As future work, it is necessary to increase the number of 
respondents, since the number of collected answers was not so 
sufficient. Plus, it is also necessary to investigate and clarify 
whether these results can be generalized to other locations. 
Especially after the accident in the nuclear power plant in 2011, 
wind power is an important future energy source in Japan. 
Knowledge about residents’ perceptions can contribute 
installation of wind power systems in many other places. 
Business model to implement community wind power in 
residential area should be also considered. 
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